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DISRUPTION OF EPITHELIAL CELLS BY HEAT
AND SPECIFIC CHEMICAL AGENTS*
RICHARD B. STOUGHTON, M.D.
In a previous publication (1) work was presented which showed that disulfide-
splitting agents caused disruption of tonofibrils and intercellular bridges present
in human epidermal cells. This disruption resulted in separation of epidermal
cells from each other or in vitro blister formation. It was postulated that inter-
cellular bridges and tonofibrils play an important role in maintaining the integ-
rity of the epidermis and that these structures are chemically related to keratin.
It was also pointed out that mild thermal injury provokes an enzymic break-
down of tonofibrils and intercellular bridges, again with a resultant separation
of cells from each other or in vitro blister formation.
This paper concerns further investigations relative to: 1) the concept that
tonofibrils and intercellular bridges are chemically related to keratin and depend
on similar chemical linkages for their integrity, 2) the relationship of epithelial
lining cells of the gastro-intestinal tract, bronchi and trachea to epidermal cells,
particularly in the breakdown by agents which disrupt tonoflbrils and intercel-
lular bridges, 3) the in vivo response of human epidermis to mild thermal injury.
METHOD
Reaction of Epidermis to Lithium Bromide and Urea
Fresh human skin was obtained from surgical specimens. Small pieces were
1) frozen, 2) fixed in formalin, acetone or alcohol and 3) kept in the fresh state.
Specimens of the above were then immersed in 3M. or 6M. urea solutions and
in 75% lithium bromide for thirty minutes and four hours respectively. The
specimens were then fixed in formalin, processed in the routine manner for par-
affin imbedding and sectioned for staining with routine hematoxylin and eosin.
Some specimens were first fixed in the usual way with formalin, acetone and al-
cohol, sectioned and then exposed to the above urea and lithium bromide solu-
tions before H & E staining.
Reactions of Bowel, Trachea, Bronchus, Muscle, Liver and Pancreas
to Urea, Lithium Bromide and Thiol Compounds
The above organs were processed in the same manner as skin with urea and
lithium bromide. In addition, they were exposed to reduced glutathione and
cysteine (io co—ho o) aqueous solutions).
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In Vivo Mild Thermal Burns in Human Volunteers
Young, male, adult humans were exposed on a 4 mm. in diameter area of the
forearm to 60°C. for 30 seconds with a thermostatically controlled aluminum
rod. At varying time intervals (5 minutes—24 hours) the burned area was re-
moved with a 5 mm. biopsy punch and the specimens fixed in 10% formalin.
They were then dehydrated, imbedded in paraffin and sectioned.
FIG. 1. Human skin treated with 3M urea for 30 minutes. There is extensive acantho1y
sis. H & E. 168X.
FIG. 2. Human skin treated with 3M urea for 30 minutes. Note the acantholysis, pe-
ripheral condensation of cytoplasm and perinuclear halo. H & E. 700X.
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RESULTS
Fresh human epidermis exposed to urea or lithium bromide for relatively
short periods of time shows extensive disruption of intercellular bridges and
cytoplasmic tonofibrils. (Fig. 1—3) The earliest changes are most pronounced in
the intercellular bridges with later changes in tonofibrils and cytoplasm. Some
of the epidermal cells treated with urea show a distinct perinuclear halo and pe-
FIG. 3. Human skin treated with 75% LiBr for four hours. There are rents within the
epidermis and early acantholysis. H & E. 740X.
FIG. 4. Human bronchial epithelium. Normal autopsy specimen, untreated. Compare
this with Fig. 5. H & E. 340X.
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FIG. 5. Human bronchial epithelium treated with 3M urea for 30 minutes. There is sepa-
ration of cells from each other and extensive cytoplasmie change. 600X.
FIG. 6. Human bronchial epithelium treated with 3M urea for 30 minutes. There is wide-
spread separation of epithelial cells. H & E. 195X.
ripheral condensation of cytoplasm. (Fig. 2) If the skin is previously frozen or
fixed in formalin, acetone or alcohol, the epidermal cells are not altered by urea
or lithium bromide solutions.
Fresh specimens of human trachea, bronchus, small intestine and large intes-
tine exposed to thiol compounds, 3—6 M. urea and 75% lithium bromide show
separation of epithelial cells from each other in much the same msrnier as epi-
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FIG. 7. Large bowel treated with 3M urea for 30 minutes. Most of the endothelial lining
is disrupted into clumps and individual cells. H & E. 130X.
FIG. 8. Large bowel lining cells which have separated from the villi under treatment
with 3M urea. Many of the cells are well preserved in spite of cleavage from neighboring
cells. H & E. 780X.
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Fia. 9. Large bowel after treatment with reduced glutathione. The villi are stripped of
endothelium. A few free lining cells remain above the villi. H & E.295X.
Fm. 10. Human liver after treatment with 3M urea for 30 minutes. The cells appear
quite normal except for fatty infiltration. H & E. 3401<.
dermal cells exposed to the same agents. (Fig. 4—9) The cytoplasm of these cells
becomes less distinct after treatment with these agents.
Liver, pancreas, skeletal and heart muscle show very little change after ex-
posure to 3—6M. urea and 75% lithium bromide. The cells remain in normal
II;
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FIG. 11. Human skin six hours after in vivo thermal burn. Isolated area of aeantholysis
and underlying perivaseular infiltrate. H & E. 400X.
arrangement, there is no evidence of separation of cells from each other, and the
cytoplasm remains in tact. (Fig. 10)
Small areas (4 mm. dia.) of human skin exposed to 60°C. for 30 seconds in
vivo results in erythema, cdema and finally, vesiculation which is usually notice-
able only microscopically. Definite acantholysis can be shown in specimens re-
moved 2—4 hours after the burn but not before. The acantholysis is best seen
on the peripheral areas of the burn. Directly beneath the acantholytic areas
there are inflammatory infiltrates around the superficial vessels. (Fig. 11) In
some specimens acantholysis failed to develop and no inflammatory infiltrate
was observed in these specimens.
DTSCU55ION
It has been suggested by the work of Rudall (2), Giroud and Champeter (3)
and Dirksen ct al (4) that tonofibrils and intercellular bridges are closely related
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to keratin. Our work shows that agents which disrupt the important chemical
cross links in keratin, namely the hydrogen bonds and disulfide linkages, also
disrupt tonofibrils and intercellular bridges. It is of importance that disruption
of these structures results in separation of the epidermal cells from each other,
a picture seen in pemphigus vulgaris, benign familial pemphigus and mild in
vivo burns. The keratin-like structures of the cellular epidermis are apparently
fundamental in maintaining cohesiveness of the cellular epidermal unit.
It is of interest that endothelial linings of trachea, bronchi and the intestine
behave in a similar way to epidermis when exposed to disulfide-splitting and
hydrogen bond-splitting agents. These endothelial lining cells separate from each
other and eventually show extensive cytoplasmic changes when exposed to thiol
compounds and urea. To my knowledge there have been no reports describing
intercellular bridges or tonofibrils in these endothelial cells, and what is respon-
sible for their cohesion is unexplained. It seems quite possible that disulfide and
hydrogen bond linkages play a role in the cohesiveness of endothelial cells, one
to the other, and that all epithelium may be similar in this regard.
Acantholysis seems to be an integral part of the picture seen in mild thermal
burns of human skin as studied after in vivo development of the burn. Very early
following the burn (5—45 minutes) there is no acantholysis and no significant
inflammatory infiltrate. The infiltration around blood vessels corresponds in time
and location to acantholysis in the epidermis above. One is tempted to speculate
that agents released by the acantholytic process act as leukotoxins (5, 6).
Attempts to provoke in vivo blister formation by iontophoresis of cysteine and
glutathione were unsuccessful, but it is quite probable, under the experimental
conditions, that these thiol compounds are oxidized before they actually get into
the cellular epidermis.
SUMMARY
1) Specific chemicals which split hydrogen bonds and disulfide linkages cause
the breakdown of intercellular bridges and tonofibrils present in epidermal cells.
2) The above chemicals also cause disruption of endothelial linings of intes-
tine, bronchus and trachea with separation of lining cells from the underlying
connective tissue and from each other. Such changes are not observed in liver,
pancreas, skeletal and heart muscle.
3) Mild thermal burns in humans show acantholysis and perivascular infil-
trates beneath the areas of acantholysis.
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DISCUSSION
DR. HERMANN PINKUS, (Detroit, Mich.): This presentation and Dr. Stough-
ton's exhibit at the Academy meeting last year are very interesting. I would
like to ask him about the possibility of calcium being one of the important fac-
tors here. Calcium ions are known to be necessary for cellular cohesion in gen-
eral. For instance, the cells of developing sea urchin eggs separate if exposed to
calcium-free sea water. I wonder whether Dr. Stoughton has made any attempts
to bind or remove calcium ions.
DR. ADOLPH ROSTENBERG, JR., (Chicago, Ii].): I want to make a point
about the possible significance of the eosinophil. This is a mysterious cell. Very
recently there has been some evidence, admittedly incomplete, that it may have
an antihistaminic function. Dr. Stoughton stated that the eosinophils accumu-
late around vessels and at sites of burn injury. It is known that polypeptides
can act as histamine liberators, so it is a possibility that the reason for the ac-
cumulation of eosinophils is that if the injury forms polypeptides and these in
turn release histamine their function may be to protect against the released
histamine.
DR. PETER FLESCH, (Philadelphia, Pa.): I would like to add a note of warn-
ing, concerning the interpretation of the histologic findings. Dr. Stoughton's
experiments are based on the assumption that if a substance causes roughly
similar changes in entirely different tissues, then the mode of action of that sub-
stance is the same in every instance. In other words, if two objects look alike,
they are alike. Such a conclusion may or may not be valid.
DR. ZACHARY FELSHER, (Chicago, Ill.): I want to ask about the pH of the
solutions Dr. Stoughton used.
DR. DAPHNE A. ROE, (Philadelphia, Pa.): I would like to know the time of
treatment of the material and whether any distinction could be made between
the effect of the two substances at different times.
DR. STURE A. M. JOHNSON, (Madison, Wisc.): Urea has been found to be
an excellent protein solvent. A frog, for instance, will become jellied in a concen-
trated urea solution.
DR. RICHARD B. STOUGHTON, (in closing): Dr. Pinkus asked about the role
of calcium in maintaining the bridges. We have immersed fresh skin in solu-
tions of Versene without noting any change in the epidermal cells.
Dr. Rostenberg speculated about the role of histamine in calling forth cosin-
ophils. Urticarial wheals from allergic reactions or primary introduction of his-
tamine show no significant perivascular infiltrates or eosinophil response in the
tissue. I think this is evidence against the theory that eosinophils invade an
area in response to histamine. Dr. Flesch adds a word of caution about inter-
pretation of these results. I think the observations of epithelial disruption are
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obvious and I agree that there can be more than one interpretation of these ob-
servations. The pH of the solutions was close to neutrality in all instances. How-
ever, glutathione and cysteine are more effective at acid pH than at neutrality.
T he time intervals are taken up in more detail in the paper.
Dr. Johnson mentions the gelatinizing effect of urea and this is true if tissue
is left in 6M. urea for extended periods of time. However, our observations for
urea were after very short time periods and the early effects of urea seem to be
reversible.
